I
maging forms an integral part for the management of Wilms tumors. In Europe, the Socie´te´Internationale d'Oncologie Pe´diatrique (SIOP) protocol is based on chemotherapy followed by surgery-in most centers without the need for histologic assessment if the findings are consistent with WT. In the United States, the National Wilms Tumor Study Group/Children's Oncology Group protocol advises surgery before chemotherapy and radiotherapy; so, the imaging needs to provide sufficient information to aid in diagnosis and surgical planning. Computed tomography (CT) scanning has been the main cross-sectional imaging modality used in the assessment of WTs, as it is readily available and quick to perform in small children. However, concerns over the radiation burden with respect to the long-term risk of radiation-induced malignancy has made it a less attractive option, particularly when used repeatedly in follow-up, 1-4 as Children's Oncology Group guidelines suggest that the same imaging modality should be used throughout therapy and follow-up. 5 MRI has therefore taken on a greater role in the imaging of childhood tumors and is now preferred because of its ability to identify a greater spectrum of tissue abnormality without ionizing radiation. 6 The major role of MRI in WT has recently been in the assessment of bilateral disease, which is present in 4% to 13% of affected children, and in the evaluation of nephrogenic rests (NR) and nephroblastomatosis. [7] [8] [9] Typical MRI features of WT as opposed to NR and nephroblastomatosis have been delineated in the last 10 to 15 years. 9 NR appear isointense or slightly hypointense to cortex on T1 images and isointense, hypointense, or hyperintense on T2-weighted images, depending on the type of rest and do not enhance with intravenous contrast. However, WTs appear heterogenous with overall hypointensity on T1 and hyperintensity to isointensity on T2. 5 Gadolinium enhances images and display inhomogenous contrast uptake with increasing heterogeneity. 5, 9 Since the commencement of MRI assessment and surveillance of WT at our institution, we have noted 3 instances where MRI findings have differed from the ultimate histologic diagnosis.
METHODS
We conducted a retrospective review of all the MRI images of patients with WT referred for imaging, since the acquisition of our MRI scanner in 2008 until the end of 2011. The MRI findings of patients were reviewed by a pediatric radiologist who was blinded to the subsequent histopathologic diagnosis of the specimen. These MRI findings were then compared to the patient's histologic diagnosis after biopsy or mass excision. The pathologist reviewing each case was blinded to the MRI interpretation of the lesions.
RESULTS
A total of 30 patients were scanned for WT. The MRI and histopathologic findings were not congruent in 3 instances in 2 patients who presented with bilateral renal masses. In all the other patients, the MRI assessment of the diagnosis of either WT or NR was congruent with the subsequent histopathologic diagnoses. This paper will focus on the 2 patients where the MRI and histopathology assessments did not correlate.
Patient 1
A previously well 4-year-old child presented with recent loss of weight and a visible left-sided abdominal mass. CT scan revealed a large left WT occupying the whole of the left kidney and a small right lower pole lesion measuring 12 Â 9 mm with CT scan features of a NR. Initial biopsy revealed a left WT and a right NR. Management consisted of chemotherapy, left nephrectomy, and subsequent surveillance with ultrasound and CT scans according to the protocol. Three further CT scans revealed no change in the right NR. After 20 months, with the completion of the treatment, surveillance MRI revealed the previous right NR to be isointense to cortex on T1 (Fig. 1A ) and inhomogenous but predominantly low signal on T2 suggested sclerosis (Fig. 1B) . The lesion however showed avid enhancement postcontrast (Fig. 1C) , which is atypical for a sclerotic NR, and possible progression to WT was suggested. The patient underwent partial nephrectomy. Subsequent histopathology of this area revealed epithelial (tubular and glomerular) elements and microcysts lined by a single layer of cuboidal epithelium with no mitotic figures and no blastema. There was extensive sclerosis and foci of calcification. The overall features were consistent with a hyperplastic sclerosing NR (Fig. 2) .
Patient 2
A 5-month-old human immunodeficiency virusexposed, polymerase chain reaction-negative child presented with failure to thrive. Examination revealed a right renal mass. MRI at presentation revealed multiple masses in the right kidney, histology being consistent with MRI predictions of 2 NR's and 2 WTs, the largest being a lower pole 5 Â5 cm lesion. There was also a 6 Â 5 mm lesion in the left kidney, which was isointense to cortex on T1, hyperintense on T2, and enhanced postcontrast (Figs. 3A, B) . These features would be consistent with a WT or a hyperplastic NR. Histology of the excised lesion revealed a small conglomerate of tubular and glomerular cystic structures most consistent with an area of cystic renal dysplasia. The intervening stroma was fibrotic with a chronic inflammatory infiltrate and focally there was concentric fibrous tissue around some of the smaller tubules in-between (Fig. 4) .
Seven months later, after chemotherapy and bilateral nephron-sparing tumourectomies, a follow-up MRI revealed a new right-sided, 10Â 12 mm cortically based well-circumscribed lesion lying anterior to the renal hilum, distorting the cortex. This lesion was isointense on T1, inhomogenous and hyperintense on T2, and enhanced inhomogeneously with contrast administration. These appearances were suggestive of a recurrent WT. Histopathology of the excised lesion revealed a focal area of chronic pyelonephritis with "thyroidisation" characterized by microcystically dilated tubules filled with eosinophilic proteinaceous material resembling thyroid tissue and associated with an interstitial chronic inflammatory infiltrate and fibrosis. In addition, there was evidence of glomerular tamponade indicative of distal obstruction. No evidence of malignancy was present. 
DISCUSSION
Excellent imaging in WT is essential for patient management and is even more crucial in cases of bilateral disease, where the goal is to cure and preserve the maximal functional parenchyma. 10, 11 In such cases, preoperative imaging helps planning the nephron-sparing surgery.
NR are isolated foci of persistent embryonal renal tissue resulting from incomplete induction of the metanephric blastema into the mature renal tissue by the ureteral bud. Nephroblastomatosis, a diffuse or bilateral distribution of NR are of 2 types: (a) intralobular restslocated anywhere in the kidney, less common but with a higher incidence of malignant transformation and associated with WT1 gene, sporadic aniridia and Drash syndrome; and (b) perilobular rests-found more peripherally and associated with chromosomal abnormalities (WT gene 2), Beckwith-Wiedemann syndrome and hemihypertrophy. 12,13 NR may be classified as incipient/ dormant containing primitive epithelial cells or may undergo various changes. They may regress (sclerotic rest) with signs of maturation or sclerosis histologically; they may form benign neoplasms (adenomatous rests), which increase in size (hyperplastic rest) and histologically resemble WT; or they may undergo malignant transformation to WT. 12, 13 On MRI, one differentiating feature is the spherical shape surrounded by a fibrous capsule indicating a WT as opposed to the ovoid or lenticular appearance of NR. Both hyperplastic rests and WT may appear hyperintense on T2, whereas sclerotic rests are always described as hypointense to cortex.
Differentiating NR from WT is important to determine appropriate management. Assessment of a lesion by MRI is helpful as often pathologic examination of a small biopsy specimen cannot discriminate with confidence the difference between benign NR and malignant WT. 6 In addition, the multiplicity and small size of the lesions may make adequate biopsy difficult. As the microscopic features of these lesions may be identical, only the macroscopic features are useful as predictors of malignancy, making biopsy of the lesions less valuable than the imaging appearance. 9, 14 Typically, WT as imaged using MRI is delineated from the renal parenchyma by the pseudocapsule. This is the compressed renal tissue on the edge of the tumor and appears hypointense on T2 sequences. Larger WTs show a displacing growth pattern with compression and distortion of the calyces by the tumor with the remaining calyx or pelvis showing an obstructed picture. Other features are hypointense or intermediate signal intensity on T1 and high signal intensity on T2. The one classic feature on imaging, which is consistently reported to indicate malignancy is inhomogeneity. 9, 12 This is believed to be due to areas of fat, cysts, necrosis, or hemorrhage within the variably vascularized tumor. 5 However, histopathology of NR revealed these lesions to be relatively avascular. 9, 13 Patient 1 received full treatment for a left-sided WT. The lesion in the right kidney, thought to be an NR on CT and previous biopsy assessment, was subjected to MRI, which showed a 12-mm lesion isointense to the cortex on T1 and T2 (although inhomogenous) and enhancement after contrast administration. All these features indicated the need to exclude a WT. However, histology of an excision biopsy specimen revealed a bland and sclerotic NR. In this case, where nephron sparing is paramount, the surgery could possibly have been avoided.
In patient 2, the lesion in the left kidney displayed features suspicious of a WT or hyperplastic NR: isointense to cortex on T1, hyperintense on T2, although homogenous, and enhancing with contrast administration. Histology of this lesion revealed an area of cystic renal dysplasia, which on MRI should have appeared hyperintense but should not have shown contrast enhancement.
Follow-up MRI on this same patient showed a new right-sided, cortically based well-circumscribed lesion lying anterior to the renal hilum, distorting the cortex. This lesion was isointense on T1, inhomogenous and hyperintense on T2, and enhanced inhomogenously with contrast administration. These appearances were suspicious of a recurrent WT and given the clinical concerns, a repeat exploration was requested by the clinicians. The external appearance was not abnormal at surgery, but a firm nodule was palpable, which was excised. Histopathology of this lesion revealed a focal area of chronic pyelonephritis with an element of tubular obstruction. Differentiating between chronic infection and malignancy is notoriously difficult on MRI, especially given the small size of the lesion.
Despite the description of "typical" MRI features associated with WT and NR, there may always be radiologic assessments that are not congruent with the final histology of the lesion, as in the cases described above. In a study in 2001, MRI showed 100% sensitivity, 77.8% specificity, and a diagnostic accuracy of 91.1% for WT when compared with the histology diagnosis in 56 patients. 15 A good indicator of accuracy of diagnostic imaging in WT is the number of patients who receive unnecessary preoperative chemotherapy in the SIOP protocol. In the SIOP 93-01/GPOH study, there was a wrong diagnosis in 5.7% of cases (including malignant non WT). In this study, preoperative chemotherapy was administered inappropriately to 1.3% of the patients, despite the high number of MRI investigations, with the inherent advantages of high contrast resolution in soft tissue. 16, 17 Although the 2 major problems with the use of MRI in WT and NR are the identification of NR and the differentiation between the 2, these issues are not unique to MRI. Differentiating NR from renal parenchyma on ultrasound is difficult as the echogenicity is similar; therefore, lesions smaller than 1 to 2 cm may be missed. 9 All lesions can be seen on both CT scanning and MRI but in both cases, contrast needs to be administered in order to demonstrate heterogeneity and delineate them from normal parenchyma. However, MRI postcontrast is considered superior to CT in assessment of bilateral disease in WT and NB. 18 Given the similar incidences of missed or misinterpreted lesions on both MRI and CT scan quoted in the literature and the need to reduce radiation doses, it is best to use MRI as the primary imaging modality for assessment, monitoring, and surveillance of WT and NR in this patient population.
CONCLUSIONS
This paper illustrates the difficulty in distinguishing between WT, NR, and some other pathologic entities on MRI imaging alone and highlights the need for continued vigilance of all the lesions, despite previously identified "classic" features. Although the majority of MRI lesions do correlate with the histologic diagnosis, the "typical" features of nephroblastomatosis and WT on MRI as described in the literature are not entirely accurate and only pathologic examination of the fully excised specimens yield a definitive diagnosis. Each case should be taken on its own merits and such lesions should be biopsied and managed conservatively when possible, especially where nephronsparing surgery is necessary to preserve renal function. MRI should remain the choice of imaging modality in these patients.
